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Complex organisms require complex solutions
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Vision:
thinking into 21st century

* Completing the genomes of Plasmodia will provide
the foundation for all future malaria research.

* We have an obligation to conduct functional
genomics research to exploit these sequence data
for vaccine and drug development.

 The enormous quantity of data that are generated
from these studies require the implementation of
powerful, scalable bioinformatics capabilities.

- Will provide foundation for future infectious disease

and bio-defense research.




Malaria Genome Project:
Objectives

- Complete and annotate the genomic sequence of
P. falciparum

* Produce substantial amounts of genomic
sequence data from P. vivax

* Make genome sequence data readily available
via Internet

* Develop methods for exploiting genomic
sequence data for vaccine and drug development




Funding and Timeline

FY97: $1 million start up funds (NIAID) to TIGR/NMRC
1997: TARA recommends funding Malaria Genome Project

Initiated by DDR&E, creation of new STEP (Malaria Genome
Sequencing)

DoD (USAMRMC) funding about $1.4 million/year (6.1)
- TIGR sequencing contract

Leveraged funds from major funding agencies ($24M)
- Burroughs Wellcome Fund, NIH and the Wellcome Trust (UK)

1998: Publication of first-ever complete
chromosome sequence from malaria in Science

1999: Functional genomic studies well underway




Chromosome 2 Sequence of the
Human Malaria Parasite
Plasmodium falciparum
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Chromosome 2 of Plasmodium falciparum was sequenced; this sequence con-
tains 947,103 base pairs and encodes 210 predicted genes. In comparison with
the Saccharomyces cerevisiae genome, chromosome 2 has a lower gene density,
introns ere more frequent, and proteins are markedly enriched in nonglobular
domains. A family of surface proteins, rifins, that may play a rele in antigenic
variation was identified. The complete sequencing of chromosome 2 has shown
that sequencing of the A+T-rich £, falciparum genome is technically feasible,




Impact of these early results

* Malaria genome sequence data has already
greatly accelerated malaria research

- Two major publications (PNAS, Science) on
discovery of novel biochemical pathways for
drug development

* Fed research pathways for both malaria vaccine
and drug development within DoD and outside.

* Provided infrastructure for development of
entirely new approaches to malaria research.




DoD is at the cutting edge of
technologies for turning genomes
intfo new vaccines and drugs

DNA microarrays
High throughput proteomics
Powerful scalable relational databases




DNA microarrays

» 10,000 genes on single glass slide

* Measure gene expression of entire
genomes overnight

- Generates hundreds of thousands of
data points per experiment

+ Simple and easy to deploy




First-ever P. falciparum chromosome microarray
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Naval Medical Research Center



“"Traditional Proteomics”
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P. falciparum sporozoites, High throughput mass spectrometry

liver stage schizonts, blood
stage schizonts

Combined liquid chromotography/
mass spectrometer

Mass spectra
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Results of High throughput
mass spectrometry (HTMS)

* Previously only five sporozoite vaccine
antigens discovered in 15 years of
research.

* In only 2 months, have identified over
100 new potential antigens with HTMS
and genome sequence data.

* Potential to provide foundation for all
vaccine candidate discovery.




Relational database and Apache
server running on Linux 6.1 with
distributed processing
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DNA microarrays

Web interface




Summary (in 3 years)

Genomic sequencing

- Established feasibility, set the standard for others
- Genome will be completed within ~18 months

- Publications in Science, Nature, etc

- Two provisional patent applications

DNA microarrays

- Constructed first-ever chromosome-specific microarrays,
ready for scale up

High-throughput mass spectrometry

- Identification of over 100 new potential sporozoite vaccine
candidates, ready for scale up.

Computational biology

- Infrastructure in place, ready for scale up.




